This study evaluated the fracture resistance of maxillary premolars with wide Mesial-Occlusal-Distal (MOD) cavity preparations and unsupported cusps restored by four ways, compared with intact teeth. Thirty five human teeth were divided into five groups: control (G1 -intact teeth) and four experimental groups of MOD-prepared teeth: with buccal (B) and lingual (L) cusps reinforced with composite (Z-250) and restored with silver amalgam (Permite C) (G2); teeth with B and L cusps reinforced and linked with composite (P-60) and restored with silver amalgam (Permite C) (G3); teeth restored with composite (Z-250) by incremental fill technique (G4); and teeth with B and L cusps reinforced and linked with composite (P-60) and restored with composite (Z-250) by incremental fill technique (G5). After thermal cycling (500 cycles, 5°C to 55°C), fracture resistance was tested in a universal testing machine. Statistical analysis of the results (ANOVA) revealed no significant difference (p>0.5) among the groups (G1=157.78Kgf, G2=183.99Kgf, G3=152.53Kgf, G4=182.61Kgf and G5=155.96Kgf). Visual analysis of the teeth tested showed predominance of oblique failure pattern. The four types of restoration evaluated provide fracture resistance with values equivalent to intact teeth in MOD-prepared intact teeth with parallel walls and composite-reinforced cusps.
INTRODUCTION
Loss of structural integrity weakens teeth, making them more susceptible to failure. Cavity preparations significantly decrease fracture resistance, in a way directly proportional to the degree of reduction in dental structure (Vale, 1959; Mondelli et al., 1980; Catovic et al., 1997; Dang et al., 1997; Mondelli et al., 1998) . Occlusal loads generate stress within the tooth, in intact teeth these forces are uniformly distributed along the occlusal surface, as well as inside the tooth. However, mesial-occlusal-distal (MOD) cavity preparations alter the stress distribution, resulting in high tensile stresses on the pulpal floor and compressive stresses on the cervical surface (Patras & Doukoudakis, 2013) . Under repetitive occlusal load, the tensile stress may cause cracks that propagate along the failure planes, finally leading to cuspal failure. This mechanism represents progressive fatigue of the brittle tooth tissues (Bell et al., 1982) . Complete destruction of the tooth results from the interaction between multiple cracks to cause spalling of sections of the enamel (Keown et al., 2012) .
Intact teeth suffer little deformation under occlusal load. However, if the enamel is lost, the dentin characteristics become preponderant to cuspal performance. Although enamel and dentin are organically joined, their responses to occlusal load differ, due to their different elastic modulus (Goel et al., 1990) . Consequently, the maintenance of maximum dental structure, especially interaxial dentin, is very important (Caron et al., 1993) .
The technological evolution of enamel and dentin adhesives allowed conservative dental cavity preparations, contrarily to Black's principles, which advise complete removal of unsupported enamel.
The procedure of enamel etching associated to Bowen's composite broadened the indications for composite restorations, particularly in posterior teeth. Denehy & Torney (1976) were the first to suggest the use of adhesive materials for dental reinforcement. Silver amalgam, used since 1826, cannot reinforce dental structure because it does not adhere to these tissues. Adhesive materials provide reinforcement to the remaining dental structures (Denehy & Torney; Breschi et al., 2008) . Therefore, cusps undermined by carious lesions can be reinforced and/or linked with composite, in order to decrease deformation under occlusal loads. Even though nowadays composites are widely used, silver amalgam is still applied in several clinical situations.
This study assessed the effect of composite reinforcement and linking of B and L cusps on the fracture resistance of MODprepared maxillary premolars with unsupported cusps restored with different material combinations, compared to intact teeth. Thirty five human maxillary premolars, non-carious or minimally restored (occlusal restorations), were mounted with their roots imbedded in self-cured acrylic resin (Dencôr, Clássico Ltda, São Paulo, Brazil) in polystyrene resin cylinders (Tigre S.A. Tubos e Conexões, Joinville, Brazil) 25mm in diameter and 12mm in height, exposing 2mm of the root surface below the cementumenamel junction. Teeth were randomly divided into five groups with 7 specimens each (n=7): one control group and four experimental groups, according to the restorative procedure used.
MATERIAL AND METHOD
Teeth in Group 1 (controls) were kept in distilled water while teeth in the experimental groups received Mesial-OcclusalDistal (MOD) cavity preparations. Crowns were measured with a digital pachymeter (model SC-6, Mitutoyo Corporation, Myasaki, Japan) in order to determine intercuspal distances and to limit the occlusal and proximal boxes, standardizing the MOD preparations. Specimens were placed in an apparatus containing a dispositive, to which a high-speed water-cooled handpiece was attached (Fig. 1 ). This device allowed accurate movements of the samples and of the handpiece, resulting in cavity walls with standard inclination, depth and width, measured by rulers (Fig. 2) . The MOD cavities with parallel walls and proximal boxes were prepared with cylindrical diamond bur (# 4102, KG Sorensen, Barueri, SP, Brazil). Preparations involved one half of the intercuspal distance width, the gingival wall was situated 1.0 mm above the cementum-enamel junction, and the pulpal floor was 2.0 mm above the same junction for smaller teeth and 2.5 mm for larger ones to avoid pulpal exposition. The gingival wall width followed the diameter of the cylindrical bur (1.4 mm). In order to weaken the dental structure, dentin underneath the buccal and lingual cusps was removed using a spherical diamond bur (# 1016,KG Sorensen, Barueri, SP, Brazil) of the 1.8 mm diameter. Experimental specimens were then kept in distilled water at room temperature (25°C) until restored, one week later. In Group 2, enamel and dentin under the buccal (B) and lingual (L) cusps were etched with 37% phosphoric acid (3M, Sumaré,SP, Brazil) for 15 seconds, bonded with 2 layers of SingleBond adhesive (3M, Sumaré, SP, Brazil) according to manufacturer's instructions, and filled with Z-250 composite (3M, Sumaré, SP, Brazil). Next, the MOD cavities were restored with Permite C silver amalgam (SDI, Bayswater, Australia) following the conventional technique. The silver amalgam was sculpted and teeth were placed on an apparatus containing a steel sphere (5 mm diameter) that contacted the cusps and restorations simultaneously, in order to simulate clinical conditions (Fig. 3) . Group 3: enamel and dentin underneath the B and L cusps were etched with 37% phosphoric acid (3M) for 15 seconds, SingleBond adhesive (3M) was applied, and these walls were restored with P-60 (3M, Sumaré, SP, Brazil). Next, buccal and lingual reinforced cusps were linked with composite (P-60) in three increments, after placing a specially designed cast metallic matrix within the limits of the occlusal box. After that, MOD cavities were restored with silver amalgam (Permite C). The teeth were then conducted to the previously described sphere apparatus (Fig. 4) . Group 4: internal surfaces were etched with 37% phosphoric acid (3M) for 15 seconds, SingleBond adhesive (3M) was applied in two layers, and cavities were restored with Z-250 composite (3M, Sumaré, SP, Brazil), starting at the unsupported cusps, following the four-increments technique (Wieczkowski et al., 1988) . Teeth were then placed on the sphere apparatus. Group 5: all preparation surfaces were etched with 37% phosphoric acid for 15 seconds, received SingleBond in two layers, and the weakened cusps were linked with P-60 composite, in three increments, using the previously described matrix. Next, teeth were restored with four increments of Z-250 composite (incremental technique). The teeth were then conducted to the sphere apparatus.
The four types of restorations in a buccal-lingual section are represented in Figure 5 . After that, specimens were stored in distilled water at room temperature for two days, until restorations were polished/finished. Specimens were returned to the container with tap water at room temperature for four days to prevent dehydration. Teeth were then subjected to thermal cycling (Ética -Equipamentos Científicos S.A., São Paulo, Brazil), with 500 cycles from 5°C to 55°C (ISO/TR 11405: 1994(E)). After seven days of storage in water at 37°C, specimens were tested for resistance using a universal testing machine (model MEM-200, EMIC Equipamentos e Sistemas de Ensaio Ltda, São José dos Pinhais, Brazil). A 500Kgf load was applied and a 5-mm-diameter steel sphere plunger contacted the restorations and buccal/lingual cusps of the tested teeth at a crosshead speed of 0.5mm/minute, until fracture occurred (Fig. 6 ) 
RESULTS
Preliminary statistical analysis showed that the sample distribution was normal and homogeneous, thereby allowing the use of parametric tests. To compare the maxillary premolars with unsupported cusps restored with different material combinations, compared to intact teeth, one-way analysis of variance was performed (Table I ).
The variation factor (type of restoration) did not show significant difference among the groups (p>0.5): no statistically significant differences were observed among the mean values of fracture resistance of MODprepared teeth restored with different materials compared to one another, neither between intact and restored teeth (Table II) . The fracture pattern observed by visual analysis was predominantly oblique, involving a single cusp (G1=100%; G2=43%; G3=100%; G4=86%; G5=71%). Table II . Mean values of the load and standard deviation (Kgf). 
DISCUSSION
The fracture resistance tests revealed that the type of restorative material does not affect resistance to fracture of teeth with wide MOD cavities (half intercuspal distance width) (Marchan et al., 2009 ). This type of cavity preparation, wide and deep, strongly weakens the dental structure (Joynt et al., 1987; Reeh et al., 1987; Caron et al.; Panitvisai & Messer, 1995; Mondelli et al., 1998; Khera et al., 1999; Jantarat et al., 2001; de Freitas et al., 2002) .
Regarding restored teeth (Groups 2-5), the results of the present study are in agreement with some researches of Joynt et al., Reeh et al., Panitvisai & Messer, Khera et al. and Roberts et al. (2008) , who observed no differences between silver amalgam and composite restorations in the fracture resistance of premolars. However, the results disagree with others researchers (Sheth et al., 1988; Goel et al.; Boyer & Roth, 1994; Ragauska et al., 2008) , who reported significant difference between teeth restored with silver amalgam and those restored with composite. The absence of statistical difference between composite and silver amalgam in the present study may be due to the fact that teeth restored with silver amalgam (G2 and G3) also had their cusps reinforced with composite. This may have increased their resistance to fracture (Denehy & Torney) . Joynt et al., Reeh et al., Panitvisai & Messer and Khera et al. observed that teeth restored with silver amalgam or composite had similar fracture resistance values, but found significant difference between intact and restored teeth, as well as between intact teeth and those with MOD preparations, differing from this study's results. The high mean resistance values for intact teeth found in the present study are similar Mondelli et al. (1980) research, which used 140.80 Kgf and similar methodology.
Although expected, differences among the restorative materials and combinations tested, as well as between restored and intact teeth, were not detected. The four restorative combinations tested resulted in resistance values similar to intact teeth.
The composite was able to recover stiffness to values found in intact teeth, while silver amalgam was not. Progressive structural fatigue causes loss of adhesion between dental tissues and restorative material. Therefore, teeth restored with composite behave similarly to those restored with silver amalgam, when strain tests are applied (Reeh et al.) . This may explain the lack of difference in fracture resistance between composite-restored and silver amalgam-restored teeth in the present study. Additionally, the dental reinforcement provided by composite is directly proportional to the resistance and longevity of the adhesive bonding (Pilo et al., 1998) .
The procedure of linking cusps with composite has been suggested to prevent cuspal deflection under masticatory load, preventing changes in internal stress location, crack growth, and their consequences (Roberts et al.) . Nevertheless, linking cusps with composite does not increase fracture resistance.
The oblique fracture patterns observed in the present study, both in intact teeth and in teeth restored with different materials, are in agreement with Mackenzie et al. (1986) , who observed that most fractures in composite-restored teeth are oblique. The use of bonding adhesives led to oblique fracture involving a single cusp, while teeth with silver amalgam restorations showed fracture at the cavity preparation (Eackle et al., 1992) . Is important to point out that a low average percentage of microleakage appeared at the amalgamcomposite interface (7%) in restoring extensive Class I preparations (Franchi et al., 1999) . Oblique fractures are clinically favorable, since they allow direct or indirect restorations (Hagge & Rector, 1993) , while vertical fractures are extremely unfavorable, usually leading to extraction of the tooth. In the present study, most dental fractures in all groups were oblique, with favorable prognosis for future restoration.
CONCLUSIÖN
Based on the results from the present study, it may be concluded that the four types of restoration evaluated provide fracture resistance to values equivalent to intact teeth in MOD-prepared teeth with parallel walls and composite-reinforced cusps. Moreover, the fractures observed were predominantly oblique, leading to a favorable prognosis for future restorations, a situation also comparable to intact teeth. Accordingly, prior to restoring teeth with silver amalgam, dentists should consider the extension of dental decay and reinforce unsupported cusps with composite.
